1. Background {#sec171858}
=============

Distal end radius fractures constitutes 10% of all human skeletal fractures ([@A25174R1]). Such fractures mainly affect the elderly population and they involve low energy trauma ([@A25174R2]). However, in young adults, high energy trauma such as that resulting from vehicular traffic accidents accounts for a substantial number of cases, the majority of which are unstable.

Restoration of volar angulation, radial length, and radial inclination are essential for good functional outcomes at the wrist joint. Maintenance of articular congruity and stable fixation reduce the incidence of osteoarthritis and also help with earlier rehabilitation ([@A25174R3]). Various treatment modalities, including plaster cast application, Kirschner wire fixation, dorsal and volar plates, and external fixation, have been described for the management of these fractures ([@A25174R4], [@A25174R5]). Osteoporosis is one of the major factors in deciding on the treatment modality ([@A25174R6]), and locking plates are favored in the treatment of these complex fractures.

Locking volar plates mechanically bridge the bone and bear the load through the locking construct, resulting in a lower incidence of failure. The subchondral placement of distal screws is essential to prevent a loss of correction and to achieve good functional results ([@A25174R5]). Comminuted distal end radius fractures may require the use of additional fixation methods such as Kirschner wire and dorsal plate in addition to volar fixed-angle plates. This is because the volar fixed-angle locking plates allow the screws to be inserted in a predefined direction, and they do not take into account the personality of the fracture and any variability in the positioning of the plate. This type of fracture can be better managed with the use of a variable-angle plate as it allows greater flexibility in terms of screw angle insertion and the engagement of periarticular fragments ([@A25174R7]).

There have been a number of studies on the operative management of distal end radius fractures treated with fixed-angle volar locking plates; however, the literature on the functional and radiological outcomes in those treated with variable-angle locking plates (VALP) is scarce.

2. Objectives {#sec171859}
=============

We retrospectively analyzed the results in a selected cohort of patients with unstable distal end radius fractures in order to determine the functional and radiological outcomes of treatment with VALP.

3. Patients and Methods {#sec171861}
=======================

We performed a retrospective review of patients with distal end radius fractures who were treated operatively between June 2013 and March 2014 and then followed up for at least six months. The inclusion criteria for the study were as follows:

1\. Patients aged between 18 to 70 years with isolated closed intra-articular distal end radius fractures displaced more than 2 mm from the anatomic position, a dorsal inclination of the distal fragment of more than 20°, a radial shortening of 10 mm or more, and dorsal comminution ([@A25174R8]-[@A25174R10]).

2\. No previous history of ipsilateral elbow and shoulder by means of fracture, inflammation or osteoarthritis.

3\. Absence of major medical comorbidities (i.e., uncontrolled hypertension, previous myocardial infarction, stroke, morbid obesity, or uncontrolled diabetes mellitus).

The exclusion criteria for the study were:

1\. Pathological fracture.

2\. Patients with delayed presentation (\> two weeks).

3\. Bilateral wrist fractures.

4\. Associated injuries that increase the risk of surgery or prevent compliance with subsequent rehabilitation protocols (i.e., severe head injuries, spinal cord injury).

5\. Pregnant females.

All of the preoperative ([Figure 1](#fig32106){ref-type="fig"}) and postoperative data were obtained by reviewing the charts from the medical records section of the institution. The patients were contacted by telephone or letter to arrange an additional visit. All of the patients gave informed consent to participate in the study. The study was approved by the institutional review board.

![Preoperative Radiographs Showing Unstable Distal End Radius Fracture](atr-05-02-25174-g001){#fig32106}

A total of 23 patients were willing to participate in this study. The other 15 patients who fulfilled the inclusion criteria did not respond to our invitation, declined to participate, or else could not be contacted. The mean age of the patients was 32.82 ± 11.81 years (range 19 to 62). There were 18 males and five females. There were 17 dominant and six non-dominant hands. The mode of injury was motor vehicle accident in 18 patients, fall while walking in four patients, and assault in one patient. The fractures were classified on the basis of the Arbeitsgemeinschaft fur osteosynthesefragen (AO) classification. There were four AO type A3, nine type C2, and ten type C3.

The patients were given general/regional anesthesia at the discretion of the anesthesiologist. All of the surgeries were performed under tourniquet control. The fracture was approached through the base of flexor carpi radialis as described by Henry et al. ([@A25174R11]). All of the patients underwent open reduction and internal fixation with a 2.4 mm variable-angle locking plate (Synthes, Switzerland, marketed in India by Synthes India Pvt. Ltd.). The use of bone grafting or bone graft substitutes (G-Bone Surgiwear Pvt. Ltd. Shahjahanpur, India) was left at the discretion of the operating surgeon. The patients were advised for active finger movements in the immediate post-operative period. The wrist was immobilized in a plaster splint for one week. The splint was removed at one week and the patients were instructed by a physiotherapist regarding the standard range of motion exercises for the wrist and fingers.

The follow-up radiographic assessment consisted of serial radiographs. The specific radiographs included anteroposterior and lateral projections taken in the immediate post-operative period, at three weeks, at six weeks, and thereafter to assess fracture union and any fracture- or hardware-related complications ([Figure 2](#fig32107){ref-type="fig"}). The quality of reduction was measured with a standard goniometer and then classified as satisfactory in cases with a dorsal tilt \< 10°, \< 2 mm of radial shortening, and \< 2 mm of joint surface step-off ([@A25174R12], [@A25174R13]).

![Radiograph Showing Fracture Fixation With a Variable-Angle Locking Plate (at 14 Months Follow-Up)\
A, Anteroposterior radiographic image of wrist showing fracture fixation with a variable-angle locking plate (at 14 months follow-up); B, lateral radiographic image of the same wrist showing maintained volar tilt at the time of last follow-up.](atr-05-02-25174-g002){#fig32107}

The range of motion at the wrist joint was measured with the help of a goniometer. The grip strength was calculated using a digital hand dynamometer (Takei scientific instruments Co. Ltd., Japan). The patient was made to stand with his/her elbow at full extension and with the shoulder adducted and neutrally rotated. The grip strength was measured in kilograms and as a percentage of the normal strength of the other wrist. All of the functional parameters were recorded at six weeks and at the final follow-up. The functional outcome was evaluated using the objective and subjective criteria described by Gartland and Werley ([@A25174R14]).

3.1. Statistical Analysis {#sec171860}
-------------------------

Student's t-test was used to compare the results between patient groups, with statistical difference defined as 5% (P ≤ 0.05).

4. Results {#sec171862}
==========

Based on our inclusion criteria, 23 patients were available for analysis in the present retrospective cohort study ([Table 1](#tbl43638){ref-type="table"}). The mean duration of follow-up was 11.04 ± 2.47 months (range 6 to 15). Among the 23 patients enrolled in the study, five patients developed complications. One patient developed a hypertrophic scar that was treated conservatively, while two patients had superficial wound infections that were resolved with regular dressings and antibiotic administration for two weeks (oral cefuroxime 500 mg twice daily). There was screw misplacement in one patient, which remained asymptomatic at follow-up ([Figure 3](#fig32108){ref-type="fig"}). Another patient developed carpal tunnel syndrome, which was managed with a nocturnal splint and the symptoms were resolved in three months. None of the patients experienced tendon rupture, malunion, or nonunion. A bone graft substitute was used in four patients, although autologous bone grafting was not performed in any case.

![Radiograph Showing Screw Misplacement\
A, Anteroposterior radiographic image of wrist showing screw misplacement in a case of unstable distal end radius treated with volar variable-angle locking plate; B, lateral radiograph of wrist confirming the screw misplacement suspected on anteroposterior radiograph.](atr-05-02-25174-g003){#fig32108}

###### Clinical Profile of Patients^[a](#fn46706){ref-type="table-fn"}^

  Clinical Profile                           Data
  ------------------------------------------ ---------------
  **Age, y**                                 32.82 ± 11.81
  **Gender**                                 
  Male                                       17
  Female                                     6
  **Mode of injury**                         
  RTI                                        18
  Fall                                       4
  Assault                                    1
  **Type of fracture (AO classification)**   
  A3                                         4
  C2                                         9
  C3                                         10

Abbreviation: RTI, road traffic incident.

^a^Values are expressed as mean ± standard deviation or No.

The radiological parameters during the immediate post-operative period were compared with those at the time of final follow-up, as outlined in [Table 2](#tbl43639){ref-type="table"}. The average radial inclination loss was 0.68 mm, radial length was 0.1 mm, volar angle was 0.26°, and ulnar variance was 0.16 mm, although the change in indices was not statistically significant.

###### Radiological Parameters^[a](#fn46707){ref-type="table-fn"},[b](#fn46708){ref-type="table-fn"}^

  Parameter                  Immediate Postoperative Period   At Final Follow-Up   P Value
  -------------------------- -------------------------------- -------------------- ---------
  **Radial length, mm**      12.04 ± 1.91                     11.84 ± 2.04         0.1309
  **Radial inclination,°**   23.08 ± 2.46                     22.89 ± 2.64         0.0951
  **Volar angulation, °**    5.56 ± 5.54                      5.21 ± 5.72          0.1334
  **Ulnar variance, mm**     -0.33 ± 0.68                     -0.29 ± 0.58         0.1337

^a^Values are expressed as mean ± standard deviation.

^b^There was no significant difference in the radiological parameters between different follow-ups.

The clinical parameters (flexion, extension, supination, and pronation) as measured at eight weeks and at final follow-up revealed significant improvement ([Table 3](#tbl43640){ref-type="table"}). According to Gartland and Werley's scoring system, 15 patients had excellent results and eight patients had good results. None of the patients had fair or poor results.

###### Clinical Outcome Measures^[a](#fn46706){ref-type="table-fn"}^

  Parameter                      At Six Weeks   Final Follow-Up
  ------------------------------ -------------- -----------------
  **Flexion,°**                  46.73 ± 7.24   71.91 ± 8.08
  **Extension, °**               49.08 ± 6.28   76.95 ± 5.70
  **Pronation, °**               72.04 ± 5.09   77.65 ± 6.01
  **Supination, °**              75.47 ± 6.02   81.86 ± 6.28
  **Percentage grip power, %**   41 ± 6.23      94.52 ± 5.02

^a^Values are expressed as mean ± standard deviation.

5. Discussion {#sec171863}
=============

The treatment of distal end radius fractures varies from closed reduction and casting in minimally displaced fractures to open reduction and internal fixation in more complex fractures. Open reduction and internal fixation restore the wrist's anatomy and help in faster rehabilitation with good clinical outcomes ([@A25174R15]).

Volar plating is currently favored for comminuted distal end radius fracture patterns and osteoporotic bones ([@A25174R16]). The volar cortex of the distal end radius is often less comminuted than the dorsal cortex; therefore, anatomical reduction of the palmar cortex restores the radial shortening. Moreover, the palmar cortex is better contoured with respect to the dorsal cortex in terms of plate application.

There had been a shift in focus from the use of non-locking volar plates to locking volar plates as the latter provides secure and reliable fixation of complex fractures due to angular stability ([@A25174R17], [@A25174R18]). Kanabar et al. ([@A25174R17]) reported that early mobilization in fractures treated with volar fixed locking plates does not lead to a decrease in the radiological parameters achieved at the final follow-up ([@A25174R16]). However, in their case series of comminuted distal end radius fractures, Gruber et al. noticed a statically significant loss in parameters like radial inclination and volar tilt with the use of volar fixed-angle plates ([@A25174R19]). A few other studies have also reported a reduction in the radiological parameters during the follow-up period with the use of volar fixed-angle plates ([@A25174R20], [@A25174R21]). The most significant change in parameters was seen in cases with comminuted distal end radius fractures (AO types C2 and C3). The introduction of variable angle plates addressed this problem in many such cases. There were concerns regarding the biomechanical rigidity of variable angle locking plates in comparison to fixed-angle plates. Stanbury et al. showed that the volar fixed and variable angle locking plates were similar in terms of the mean load to failure on cyclical loading ([@A25174R22]). The physiological compressive loads during movement of the wrist can easily be tolerated with VALPs.

VALP allow subchondral purchase in the articular fragments due to the flexible plate positioning and so possibly maintain the reduction. In their case series on VALP, Figl et al. found no cases of a significant loss of radiological parameters in the follow-up period following fixation ([@A25174R23]). Similarly, in our case series, the average loss in radial length, radial inclination, and volar angle, as well as the change in ulnar variance, were not significant at final follow-up in comparison to the immediate post-operative period despite the early and aggressive rehabilitation.

Comminuted intra-articular radius fractures may require the placement of the volar plate distal near to the watershed line in order to capture the articular fragments; however, this could result in late flexor tendon rupture ([@A25174R24]). A variable angle locking plate can be placed proximal to the watershed line and it is still able to engage those fragments. The bicortical purchase is another critical point in the management of complex fracture patterns and it can be achieved with flexible plate positioning in variable angle plates. The various fracture lines (proximal/distal and medial/lateral) are accommodated due to the flexibility offered by the variable angle system ([@A25174R25]).

Various authors reported the use of additional methods like Kirschner wire and/or dorsal plating in a few comminuted fracture patterns (AO type C3) ([@A25174R26], [@A25174R27]). With the introduction of variable angle locking plates, there has been a decrease in the use of these additional methods of fixation. The adaptation of screw direction helps in engaging specific fracture fragments and avoiding intraarticular penetration. Stanbury et al. reported the superiority of variable angle volar locking plates over fixed-angle locking plates in capturing the distal radial styloid ([@A25174R22]). However, in our case series, three cases required additional measures to stabilize the unstable distal end radius fracture. In two cases, Kirschner wire was used to engage small radial styloid fragments that could not be engaged with the plate screws, while in the other case a cortical screw was used to reduce a lateral column bony fragment to the medial column of the distal end radius ([Figure 4](#fig32109){ref-type="fig"}) for the diaphyseal extension of the fracture.

![Use of a Cortical Screw in Addition to a Volar Variable-Angle Locking Plate for Fracture Fixation\
A, Anteroposterior radiograph of wrist showing use of a cortical screw in addition to a volar variable angle locking plate for fracture stabilization; B, lateral image of the same wrist revealing maintained radiographic parameters.](atr-05-02-25174-g004){#fig32109}

The volar variable angle locking plate is not a panacea for distal end radius fractures. The inability to decipher the articular anatomy of the distal end radius and the poor reduction of the fracture will lead to poor results with this newer implant. Complications such as hardware prominence, loss of reduction, and tendon irritation are similar to those found with other volar plates. The overall complication rate in our study was 21.7%, which is comparable to that reported by Jagodzinski et al. in a bicentric study on distal radius variable angle locking plates ([@A25174R28]). They reported a complication rate of 19.6%, although the majority had screw misplacement, while Kawasaki et al. had no reported cases of screw misplacement ([@A25174R29]). In our study, there was only one case of screw misplacement because extra care was taken to prevent this complication since it could have resulted in longer fluoroscopy time. However, no effort was made to calculate the resultant extra fluoroscopy exposure. The smaller sample size in our study could also be the reason for only a single case of such a complication.

The evaluation of our results according to Gartland and Werley's demerit scoring system revealed that 65.22% patients had excellent results, while 34.78% fell into the good results category ([Figure 5](#fig32110){ref-type="fig"}). Figl et al. reported excellent results in 37.5% of patients, good results in 67%, and fair results in 1% ([@A25174R22]). Jagodzinski et al. reported a mean DASH (disabilities of the arm, shoulder, and hand) score of 18.2 in patients treated with VALP ([@A25174R28]). The results are, however, not truly comparable with those of the current study as a different scoring system was used in the evaluation of the results.

![Range of Movement at the Wrist After Eight Months in a Case Treated With a Variable-Angle Locking Plate (Radiograph as Depicted in [Figure 3](#fig32108){ref-type="fig"})\
A, Clinical photograph of the patient with radiographs depicted in [Figure 3](#fig32108){ref-type="fig"}; B, wrist extension at the time of last follow-up; C, good flexion movement at the same wrist joint.](atr-05-02-25174-g005){#fig32110}

The minimum duration of follow-up in the present study was six months. MacDermid et al. reported that patients with distal end radius fractures achieve the majority of their grip strength and movement in six months ([@A25174R30]). In their large series of 170 patients with distal end radius fractures, Kanabar et al. noticed that parameters such as range of motion and grip strength were regained by up to 94% in the three months after volar plating ([@A25174R17]).

A limitation of the present study was that the retrospective cohort was treated at a tertiary care center with expertise in the management of these complex fractures. It is difficult to say whether the findings of this study can be generalized to patients managed at other centers. A large number of patients did not consent to participate in our study or else could not be traced due to an incomplete contact address or contact number. There was also a wide range of patient ages. Further, some of the patients could be osteopenic, although this was not assessed with dual-energy X-ray absorptiometry or a computerized tomography scan. It is difficult to compare the treatment outcomes of this study with those of other modalities of treatment as we did not compare treatment methodologies. However, we believe that the data from the present study can be used for comparison in future studies.

In conclusion, variable volar locking plates are a treatment method with a low complication rate. The use of such plates helps in early rehabilitation without the fear of a decrease in radiographic indices and hence functional results. It could thus be a useful modality for managing unstable distal end radial fractures. Despite the small sample size, the present series should provide the basis for a future prospective study involving variable volar locking plates.
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